Changes in the activities of three enzymes (nitrate reductase, L-phenylalanine ammonia-lyase, and a dehydronicotinamide adenine dinucleotide-oxidase complex) were measured during development of water stress in young maize (Zea mays) plants.
ties decreased markedly with water deficits of 10 to 20%. The acivities did not reach zero at water deficits as high as 50%, but appeared to approach a new steady state. Partial to complete recovery of enzyme activity occurred 24 hours after rehydration of the stressed plants. The oxidase activity did not respond to water stress in the same manner as that of the other two enzymes. It is suggested that the level of enzyme activity is a consequence of an equilibrium between the rates of synthesis and degradation, and that progressive tissue dehydration reduces both the enzyme synthesis and the enzyme-inactivating systems.
It is common knowledge (18) that water deficit has an adverse effect on the growth rate of plants and the final yield. There is also evidence (19) that water deficit impedes protein synthesis, perhaps at the ribosomal level (10, 19) . It is now clear that many proteins turn over at different rates (3-6, 17, 24) ; i.e., some apparently are formed and inactivated quickly whereas others appear to be relatively stable. Presumably 'Abbreviation: PAL, L-phenylalanine ammonia-lyase.
MATERIALS AND METHODS
The dominant tall form of the d1 dwarf maize (Zea mays) was grown in vermiculite in the greenhouse. Nutrient requirements were provided with a modified Hoagland's solution 1 (9) . Moisture stress was initiated by withholding water for varying periods beginning approximately 10 days after germination. In early experiments, the plants remained in the greenhouse until sampled for assay, but in later experiments they were transferred to a growth chamber when water stress was initiated. The chamber environment was 27 C, 30 to 50% relative humidity, and had a light period of 12 hr/day of 1000 ft-c. The plants were sampled at the middle of the light period. In the rehydration experiments, the vermiculite base was saturated with water 24 hr prior to sampling.
Water deficit was estimated by the method of Weatherly (21) . Duplicate or triplicate 5-cm sections were taken from the midportion of the third leaf of two or three plants. The original weight was determined immediately after harvest, and the tissue was floated in deionized water for 4 hr. At that time, the saturated weight was taken and the tissue was dried at 95 C for 24 hr for dry weight determination. The water deficit was expressed as the ratio of water taken up divided by the final water content, multiplied by 100.
The midportion of the leaf blades from four to six seedlings was used as the source of tissue for nitrate reductase and NADH oxidase. PAL was prepared from the leaf sheaths of the same or comparable seedlings. Nitrate reductase activity was determined by the method of Hageman and Flesher (6) , except that the tissue was ground in a chilled mortar with pestle and sand. PAL was prepared and assayed as described by Reid and Marsh (15 The seedlings under water stress, with but one exception (day 7), contained less nitrate reductase activity than the control (Fig. 2) . Not only was nitrate reductase activity low in wilted samples taken near mid-day (points indicated by "p" in Fig.  2 ), but the activity remained low the following morning (indicated by "a" in Fig. 2 ), even though the leaves had temporarily regained turgidity overnight. On the 6th day and again on the 7th day after the initiation of this experiment, conditions prevailed which caused the specific activity of nitrate reductase in the control tissue to increase almost 2-fold during the time from midmorning to early afternoon (Fig. 2) Figure 4D . Concomitant with this regain of turgidity was a relatively rapid increase in the activities of nitrate reductase and PAL. The recovery of nitrate reductase activity was especially dramatic considering the fact that the tissue had been subjected to a 50% water deficit on day 4. In this experiment, the activity of the NADH-oxidase complex was also reduced by the water stress. The reduction in activity, however, was smaller and less consistent than that of the other enzymes studied. Both nitrate reductase and PAL are reported to be enzymes formed and inactivated within a few hours and subject to control mechanisms which as yet are only poorly understood (3, 1 1, 17, 23, 24) . A number of factors lead to enhanced activity of both enzymes. The available evidence suggests that the increase in activity is due to synthesis of new protein and not to activation of a pre-existing protein (1, 24) . Recently, evidence has accumulated that the loss of activity is also an active process (14, 20, 23, 24) . The addition of cycloheximide to maize leaf sheaths prevented the loss of PAL activity normally observed in excised tissue (14, 16) . This observation suggested that the activity of a PAL-inactivating system was dependent upon continued protein synthesis. Although the loss of nitrate reductase activity in excised barley leaves held in the dark was prevented by cycloheximide (20) , in leaves excised from maize seedlings, the inhibitor did not prevent loss of the reductase activity (14) . Thus, it would appear that in maize different systems contribute to the inactivation of these two enzymes.
DISCUSSION
The differential loss of nitrate reductase and PAL observed here is consistent with this concept. Recent evidence (Pan and Reid, unpublished) indicates that the level of the PAL-inactivating system is itself variable. It is possible that this variability could explain the differing rates of loss of PAL activity frequently observed (cf. Figs. 3 and 4B) .
The data presented in Figures 3 and 4 show that moderate water stress reduced the activity of PAL PAL diverts L-phenylalanine from the free amino acid pool to the pathway of phenyl-propanoid metabolism which leads to compounds considered to have a profound effect on plant metabolism and growth (8) . There is no evidence, however, that reduced PAL activity would restrict growth. Rather than suggest that the reduced activity of these particular enzymes would affect growth, we view the effect of desiccation on nitrate reductase and PAL as a model of the potential effect of water stresss on the activity of short-lived proteins.
